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For nearly a century after the isolation of
dermatophytes in pure culture, they were grown
almostly exclusively on complex substrates—
"natural" media such as feathers, owl castings,
and cereal grains, vegetable extracts or decoc-
tions, and peptones and other partially hydro-
lyzed proteins. In the last decade or so the use of
chemically-defined media has permitted identifi-
cation of the precise nutritional requirements of
numerous microorganisms including, fortunately,
some of the dermatophytes. Also, specific nu-
trients affecting colony morphology, pigment
production or microscopic morphology have been
identified for several species, resulting in better
methods for their isolation and for the exhibition
of their mycologic diagnostic characters. Ex-
amples are the use of thiamine, pyridoxine, and
inositol to isolate and identify Tric/zophytoa
verrucosum (1); thiamine for the induction of
macroconidia of T. violaceum (2); Tryptose for
those of T. rubrum (3); and yeast extract for those
of Microsporum audouini (4).
Despite this progress, the problem of satisfac-
tory chemically-defined media for diagnosis is by
no means solved. Tryptose and yeast extract are,
of course, far from being chemically-defined; still
these materials, as well as peptone or casein,
promote a more satisfactory development of
some species than do the elaborate synthetic
media prepared to imitate these complex sub-
strates. In such instances the response of the
dermatophyte probably depends on the presence
of unidentified substances in the active substrates.
Another problem is the selective infectivity of
a given dermatophyte species for certain types
of keratin: some do not invade hair, others have
host specificity. Investigation of this behavior
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might help explain not only the reason for this
restricted parasitism but might also suggest a
possible lead to therapy. Since keratin, a protein,
is composed primarily of amino acids, these
components must influence to a large extent the
ability of a dermatophyte to survive on the skin.
It is already known that certain amino acids
are completely unavailable an as initial source
of nitrogen for a given species; others are re-
quired, or at least are beneficial for growth; while
still others are inhibitory. Also, many of the
amino acids in keratin or peptone antagonize
each other so that the inhibition or stimulation
by one of them may be completely masked by its
metabolic antagonist.
Before these interactions could be understood,
a study of the effect of each amino acid by itself,
at different concentrations, and also in the
presence of a known metabolizable amino acid
seemed essential. Such a study was undertaken,
and its progress is reported in this paper. Tricho-
phyton rubrum was chosen as the first test organ-
ism: this species produces some of the most exten-
sive and intractable lesions encountered among
the dermatophytoses; some isolates are so vari-
able in cultures as to delay or sometimes com-
pletely elude identification; and, finally, although
somewhat limited, some suggestive information
about the amino-acid nutrition of this species
was already available (5—10).
We hoped that our study, if conducted with a
wide range of concentrations and sufficient number
of amino acids, might reveal the inhibitory
action of some of them, which, if toxic enough
for the fungus, could be employed topically in
suitable concentrations to prevent its growth on
the skin. The knowledge also, of which amino
acids were required or, at least, were beneficial
for growth, would aid in the selection of the
metabolic antagonists which might be likely to
interfere with the nutrition of the fungus in
keratin. This type of therapy would be partic-
ularly desirable since most amino acids are quite
soluble and not toxic to the host. Studying also
the effect of these same amino acids on colony
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topography, pigmentation and microscopic mor-
phology might help design media that would
facilitate the diagnosis of these species. Finally,
we hoped to explore further some of the sugges-
tive leads revealed by previous studies.
EXPERIMENTAL METHODS
The amino acids to be tested were incorporated
as the sole nitrogen source in the same mineral-
base medium employed before (9). It contains
0.1 per cent MgSO4.7H,O, 4 per cent glucose, 2
per cent pyridine-extracted agar, and was phos-
phate-buffered at pH 7.0. The media were dis-
pensed as slants in test tubes. The inocula were
prepared by grinding and washing the mycelium
and spores scraped from the surface of ten-day-
old colonies of each isolate grown at 30°C. on
a modified Sabouraud's glucose agar (11). After
five successive centrifugations and washings,
small fragments were planted in the center of
each of duplicate slants for each medium and
cultures incubated at 3000.
Initially, colonies were described and examined
microscopically when they were ten-days old,
and again when they were three-weeks old. It
was soon found that colonies on Sabouraud's
agar reached maximum expression of diagnostic
characteristics at ten days, but those on the
chemically-defined media required three weeks;
readings were therefore taken at the end of this
longer incubation. Colony diameter, texture and
contours, were noted, and the surface and under-
surface pigmentation compared with color plates
in Ridgway (12). Photographic records taken in
color and black and white facilitated comparison
of results on those amino acids that were not
tested simultaneously. For a sampling of the
microscopic morphology the entire growth in an
area 1 mm. wide along the radius of the colony
was scraped and mounted in lactophenol. The
appearance of the mycelium, whether thin or
coarse, straight, wavy or tortuous, was noted;
and the relative abundance of chlainydospores,
micro- and macroconidia were estimated on an
arbitrary scale: 0 to 4+.
Three different concentrations of each of 26
amino acids were tested (Table I). The highest
concentration was attained by mixing equal parts
of the basal agar, made up in double strength,
with an autoclaved aqueous solution of the
amino acid prepared as near saturation as was
practical. The two lower concentrations were
respectively, a ten-fold and a hundred-fold dilu-
TABLE I
Grouping of Amino Acids According to Their
Effect on the Growth of Five Isolates of
Trichophyton rubrum
Effect Amino Acids
Range of
Concentrations
(per cent)
A. Stirnula-
tory
1. Good DL-ornithine
L-arginine
beta-alanine
DL-serine
L-proline
DL-valine
L-lysine
L-leucine
0.01—1.0
0.025—2.5
0.025—2.5
0.01—1.0
0.005—0.5
0.0025-0.25
0.005-0.5
0.01—1.0
2. Poor DL-leucine
DL-isoleucine
L-hydroxyproline
L-tyrosine
creatine
0.005—0.5
0.01—1.0
0.002—0.2
0.0002—0.02
0.005—0.5
B. Inhibitory L-cysteine-HCI
L-glutamic acid
L-tryptophan
DL-threonine
L-histidine-HCI
DL-aspartic acid
glycine
DL-phenylalanine
DL-alpha-alanine
0.025—2.5
0.005—0.5
0.0004-0 .044f
0.005-0.5
0.01—1.0
0.0025-0.25
0.125—12.5
0.005—0.5
0.005-0.5
C. Inert DL-methionine
DL-norleucine
0.015-1.5
0.005-0.5
* Amino acids are listed in decreasing order of
effectiveness. Asparagine (recrystallized), used
as a control at an 0.2 per cent concentration, was
found stimulatory in a range from 0.01 through
1.0 per cent. The effect of L-cystineis discussed in
the text.
f Also added as crystals (0.088 per cent).
tion of the highest. The ten-fold dilution was
also tested in combination with 0.2 per cent
asparagine. Since asparagine supports the growth
of T. rubrum, the asparagine-containing medium
permitted determination of whether failure of an
isolate to grow on a given amino acid reflected
either toxicity or inertness of the amino acid as a
nitrogen source. As a positive control, growth
on each amino acid alone or in combination with
asparagine was compared with growth on 0.2
per cent asparagine alone in the same mineral-
base glucose medium, and also with growth on
Sabouraud's glucose agar.
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EFFECT OF AMINO ACIDS ON GROWTH OF ONE REPRESENTATIVE
ISOLATE OF TRICHOPHYTON RUBRUM (c-129)
* flfl itO A tin I . .. ... ..' _. ——_—_-. ... — I
ASPARAGINEr I
L CYSTINET TESTED
NOT TESTED
L GLUTAMIC DL
ACID =NO GROWTH
GLYCINE
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HCI
L HYDROXY-
PROLINE _________________
DL ISOLEUCINEJ
DL LEUCINE
Six freshly-isolated strains of T. rubrum were
employed. Of these, five responded alike and the
results with them are presented in this paper.
The divergent behavior of the sixth strain re-
mains unexplained.
RESULTS
1. Effect on Growth
According to their effect on growth (judged
by the colony diameters of the five T. rubrum
isolates on the various media) (Fig. 1), the amino
acids fall into three groups (Table I):
a. Stimulatory. The amino acids in this group
induced increasingly larger colonies with each
increasing concentration, some supporting growth
So
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as well as, or better than, asparagine, others not
as well. Good supporters of growth were effective
in the following order: ornithine > arginine >
beta-alanine > serine > proline > valine >
lysine > L-leueine; poor supporters of growth
were: DL-leueine > isoleucine > hydroxypro-
line > tyrosine > creatine. Examples of these
effects are illustrated in Figs. 1 and 2.
b. Inhibitory. This group comprises the amino
acids which progressively reduced colony diam-
eter or completely suppressed growth with in-
creasing concentration. Since the concentrations
tested increased in 10-fold steps it was not sur-
prising that, in some instances, there was stimula-
tion from the lowest to the intermediate concen-
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FIG. 2. Trichophyton rubrurn (isolate No. C-129), three-week-old colonies on representative amino
acids (see text). Row A, stimulatory: orrnthine, tubes 1 to 4; bvdroxvproline, tubes 5 to 8. Row B, in-
hibitory: aspartic acid, tubes ito 4; cysteine, tubes 5 to 8. Row C, inert (?) : methionine, tubes 1 to 4;
norleocine, tubes 5 to 8. Concentration of amino acids increasing from left to right; fourth tube in each
group: intermediate concentration plus 0.2 per cent asparagine. Column ''U'', Ilositive controls: A and
C, Sabouraud's glucose agar, ten days and three weeks, respectively; B, asparagine alone, three weeks.(Particles scattered through culture media in tubes 6 to 8, Row B, are crystals of cysteine, precipitated
as agar dehydrated during period of incubation.) (]ooibined reflected and transmitted tight.
tration, while in the next step, there was
inhibition. In other instances, inhibition was mani-
fest at the intermediate concentration. Since it
was at this intermediate concentration that each
amino acid was tested in combination with
asparagine, growth here was partially inhibited
or completely snppressed only where the amino
acid alone had been inhibitory at that concentra-
tiori. Inhibitory effectiveness was manifest in the
following ortler: cysteinc > glutamic acid >
tryptephan > threoninc > histidine > aspartie
acid > glycine > phenylalaninc > alpha-
alanine. Threonine, tryptophan, and glutamic
acid were completely inhibitory at the highest
concentration tested: 0.5, 0.04, and 0.5 per cent,
respectively; cysteine was completely inhibitory
alone at concentrations of 0.25 and 2.5 per cent
(intermediate and highest) and also completely
prevented growth on asparagine. Partial and
complete inhibitions are illustrated in Figs. 1
and 2. Cystine, because it indnced only a meager
growth compared with asparagine, may be listed
_'%3I fir fl-v - • dLA ' V _________________
L•1ii4 t'
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FIG. 3. Trichophyton rubrum (isolate No. C-128), Photomicrographs of three-week-old growth on: A
beta-alanine plus asparagine; B, asparagine alone. Note abundant typical macro- and microconidia in
A; cluster of swollen microconidia in center of B, scattered ones in A. Magnification 430X in origi-
nal, reduced 9% by engraver.
in this inhibitory group; however, owing to its
extremely low solubility it was tcsted only in one
concentration, 0.01 per cent, prepared by adding
the crystals directly to the single-strength basal
agar.
c. Inert. Methionine and norleueine (Figs. 1
and 2) are in this group: they failed to support
growth at any of the three concentrations, yet
did not inhibit growth on asparagine. This was
interpreted as non-availability (or inertness) of
methionine and norleucine as nitrogen sonrces for
T. rubrum; it is also possible that they were toxic
and their toxicity was antagonized or masked
by asparagine. Further tests are needed to decide
between these possibilities.
2. Ji7Tect on Colony Texture, Contours, Pigment,
and Microscopic Morphology
Besides growth, the amino acids influenced
colony texture and contours, pigmentation, and
microscopic Inorphology. In general, the amino
acids which stimulated growth with increasing
concentration also induced a more downy, less-
pigmented type of colony. Thus at the lowest
concentration of each of the amino acids in this
group, the colonies were flatter and either more
powdery in texture or completely submerged,
while at the same time pigmentation of the sub-
merged mycelium was more intense. The reverse
effect was shown by inhibitory amino acids: as
their concentration increased, not only was colony
diameter and height of aerial mycelium reduced,
but also the colony became more powdery or
completely submerged, and pigmentation in-
creased in intensity. In short, as conditions be-
came less favorable for growth, whether by
insufficient concentration of a beneficial amino
acid or by excessive concentration of an inhibitory
one, pigment and the powdery texture increased.
Independent of concentration, those amino acids
which were beneficial to growth, also stimulated
the downy texture, but not necessarily pigmenta-
tion. For example, creatine, moderately suitable
for growth, was completely unsuitable for pig-
ment production. Apart from their effect on
growth, the amino acids best for exhibition of
pigment were effective in the following order:
ornithine > proline > phenylalanine > beta-
alaniac > serine > histidinc > arginine >
lysinc.
As expected, the microscopic morphology of
each colony reflected its gross texture: downy
colonies had straight or wavy, thin mycclium, and
few conidia; powdery colonies had a greater
number of conidia; submerged colonies lacked
conidia, had a coarse tortuous mycelium and
abundant chlamydospores. In other words, sub-
strates that were less favorable for growth were
favorable for sporulation, provided aerial myee.
hum was present. These effects, as did the downy
texture, depended, not only on the individual
amino acid but also ou its concentration. Arginine
and histidine favored macroconidia; cysteinc,
cystinc and glutamuic acid, luicroconidia; glycine,
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beta-alanine, hydroxyproline and lysine, both
types of spore (Fig. 3A). Some amino acids also
changed the normal size and shape of the micro-
conidia (small, clavate or lacrimoid) to a spherical
shape, swollen three or four times the usual diam-
eter (Fig. 3B). This was noted with the following
amino acids in this order: hydroxyprolinc > iso-
lcucinc > aspartic acid > asparagine > alpha-
alanine > lysine > argininc.
DISCUSSION
The present results agree in some respects, not
in others, with earlier ones on the effect of amino
acids on the growth of T. rubrun (5—10); our
results, for example, showing that five isolates
were stimulated by increasing concentrations of
hydroxyproline ranging from 0.002 to 0.2 per
cent, do not agree with those of Robbins and
McVeigh (5). The latter authors found that their
isolate of T. rubrum, although stimulated by low
concentrations of hydroxyproline, was completely
inhibited at a concentration of 0.06 per cent—
this concentration being one third of that toler-
ated by our five isolates. Other dermatophytes
are inhibited by hydroxyproline (2, 13—15);
Candida albicans (16), and certain other fungi (5)
like T. rubrum, tolerate it. The absence of
hydroxyproline from the keratin of human hair
has been suggested as an explanation of why
dermatophytes that are inhibited by this amino
acid are able to grow in keratin (17). On the other
hand, collagen the material in the connective
tissue of the dermis contains 14 per cent hydroxy-
proline by dry weight (18). Since T. rubrum is
the only dermatophyte known to produce nodular
deep-seated lesions (19, 20), its tolerance to
hydroxyproline in vitro suggests that its greater
invasiveness, approaching that of C. atbicans, and
exceeding that of other dermatophytes, may
perhaps reflect its tolerance to this amino acid
as present in collagen. This hypothesis, however,
requires further study, in view of the observa-
tion that other dermatophytes besides T. rubrum
can grow on the corium surface of excised pieces
of human skin (18).
Another unexpected result of our studies is
that tyrosine did not inhibit T. rubrum. In pre-
vious studies (10) it had been found that a certain
lot of easein containing twice as much tyrosine
as the usual ones, completely prevented the
growth of six isolates of T. rubrum when the
easein was used in a 1.0 per cent concentration,
but not when it was used in a 0.1 per cent.
The inhibitory action of cysteine was partic-
ularly important because it persisted even in the
presence of asparagine. While this amino acid
was the only one found to inhibit growth com-
pletely at the intermediate concentration of the
three tested, and this was the only concentration
tested with asparagine (some of the amino acids
found completely inhibitory at their highest
concentration may have also shown this inhibi-
tion in the presence of asparagine), the intermedi-
ate concentration of eysteine is still only one
twentieth saturation—which should facilitate
the preparation of solutions for topical applica-
tion. It remains to be seen whether the inhibition
by eysteine would be exerted in the presence of
keratin. Our observation that arginine, histidine,
glycine, hydroxyproline and lysine stimulate the
production of macroconidia, suggests that these
amino acids, rather than vitamins, for which T.
rubrum is autotrophie (7), may be the active
substances in Tryptose and yeast-extract, mate-
rials already found to induce maeroeonidia in
these species (3, 10). The swollen spherical
mieroeonidia induced by certain amino acids
emphasizes the need for precisely defining the
components of diagnostic culture niedia, since
the normal pyriform to laerimoid mieroconidia of
T. rubrum are of great help in identifying this
species. The report by Spoerl et at., (21) showing
the effect of exogenous amino acids on cell shape
of Ustitago, along with the one by Niekerson and
Kreger-van Rij (22), showing the effect of eys-
teine and glutathione on cell form in Candida,
further suggest, in keeping with our observations
on T. rubrum, that amino acids are indeed impor-
tant in the exogenous control of microscopic
morphology.
SUMMARY
A study is presented of the effect of 26 amino
acids, alone, at three different concentrations, and
also in combination with asparagine, on the
growth, colony characteristics and microscopic
morphology of six fresh isolates of Trichophyton
rubrum. Five responded alike; one behaved
atypically, and is excluded from this report.
Fourteen amino acids stimulated progressively
larger colonies with increasing concentration; of
these ornithine was best, ereatine was poorest.
Nine amino acids inhibited growth with increas-
ing concentration: cysteine was completely in-
hibitory at one twentieth saturation (0.25 per
cent) even in the presence of asparagine; glu-
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tamic acid, tryptophan and threonine were
completely inhibitory at one half saturation
(0.5, 0.4, and 0.5 per cent respectively); the
remaining five amino acids in this group were
only partially inhibitory. Two amino acids, me-
thionine and norleucine, were apparently inert:
they did not support growth alone at any concen-
tration, yet did not prevent it when asparagine
was added.
Insufficient concentration of a beneficial amino
acid, or excessive concentration of a partially
inhibitory one, reduced the height of the aerial
mycelium and changed the texture and contours
of the colonies from raised-downy, through flat-
powdery, to completely submerged; pigment
increased in direct proportion to this change.
Amino acids beneficial for colony growth in-
duced straight or wavy, thin hyphae; those par-
tially inhibiting growth induced a coarse, tortu-
ous mycelium and abundant chiamydospores.
Some amino acids, notably hydroxyproline, iso-
leucine and aspartic acid, induced an abnormal
swelling of the microconidia. Abundant normal
microconidia were stimulated by cysteine, beta-
alanine, cystine and glutamic acid; abundant
macroconidia by arginine, histidine, glycine,
hydroxyproline and lysine. It is suggested that
the last five amino acids may be the active sub-
stances in Tryptose and yeast extract, pre-
viously reported to induce macroconidia in T.
rubrum.
The possible practical applications of these
results, either in designing media for mycologic
diagnosis, or in the selection of amino acids or
their metabolic antagonists for topical application
to T. rubrum lesions, are discussed.
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DISCUSSION
DR. EUGENE S. BERESTON (Baltimore, Md.):
I would like to congratulate Dr. Silva on a beauti-
ful paper and tell her that I enjoyed it very much.
I would like to ask her a question: how can she
reconcile the hydroxyproline's apparent stimula-
tion of T. rubrum which is not only contrary to its
effect upon other dermatophytes but also is con-
trary to some of the earlier work done by Robin-
son, McKinnon and many other workers in this
particular field?
DR. MARGARITA SILVA (in closing): In answer
to Dr. Bereston's question, Robbins and Mc-
Veigh, like others after them, did find that most
dermatophytes are inhibited by hydroxyproline.
In Robbins work, a single strain of T. rubrum
was tested: low concentrations of hydroxyproline
stimulated it, higher ones inhibited it. In our
study, not only did increasing concentrations of
hydroxyproline stimulate progressively larger
colonies with five strains of T. rubrum, but the
highest concentration that permitted growth was
three times as high as the one that completely
inhibited Robbins' strain. This points out the
danger of using only one isolate in studies of this
sort. In our present paper we have excluded a
sixth strain of T. rubrum which, for reasons yet
unexplained, responded to the amino acids in an
entirely different manner. The consistent results
with the five strains ought to give a fairly accu-
rate picture of the behavior of T. rubrum.
Robbins and Me Veigh also studied non-der-
matophytie fungi which were not inhibited by
hydroxyproline. Dr. Stewart Johnson found,
further, that Candida albicans is stimulated by
hydroxyproline. It is interesting to note that C.
albicans, like T. rubrum, is not restricted to the
outer layers of the epidermis. Perhaps behavior
toward hydroxyproline is a clue to what deter-
mines invasiveness.
